Mammalian skeletal muscle contraction is activated by a rapid calcium release from the intracellular store (sarcoplasmic reticulum; SR) via the ryanodine receptor type I (RyR1). RyRs are arranged into two parallel arrays on opposite termini of the SR membrane that flank flattened t-tubules (a network of invaginations of the surface membrane) in a morphology known as a triad. Using immunofluorescence super-resolution microscopy (dSTORM), we have resolved the highly continuous arrays of RyR1 in the triads that fully encircle each myofibril of adult rat fast twitch fibres (FTFs). In contrast, RyRs in slow twitch fibres (STFs) were more loosely arranged into narrower and less continuous arrays that strongly resembled previous electron micrographs of triad membranes. Multicolour dSTORM was used to investigate the organization of triadic structural proteins junctophilins (JPH1 and JPH2) in relation to RyRs. In both FTFs and STFs, JPH1 was organized densely throughout the entire RyR array to achieve near complete co-localization. In contrast, RyRs co-localized poorly with JPH2 which was observed in highly discrete and compact subregions indicative of specialized structural domains within the triads. With a 20% smaller mean distance from RyR arrays to myofilaments, FTFs are likely to achieve more synchronized activation of contraction than STFs. Based on our data, we measured a myoplasmic RyR1 density of 9.08 RyRs/ pL in FTFs which is~2.5 times greater than STFs (3.71 RyR/pL) -a factor that is compatible with the differences in peak rate of calcium release in FTFs and STFs found previously. In addition, we investigated calsequestrin, the principal calcium buffer in the SR, and its nanoscale distribution in FTFs and STFs. Our results suggest that fewer RyRs may be bound to triadin in STFs versus FTFs. (carrying a mutation linked to MHS in humans) and Calsequestrin-1 knockout (CASQ1-null) mice trigger lethal crises when exposed to both halothane and heat. Here we tested the following hypotheses: a) strenuous exercise in challenging environmental conditions is a stress capable of triggering EHS-lethal episodes in both mouse models; b) drugs used to treat MH crises in humans (dantrolene or its analog azumolene) can prevent such exertion-induced strokes. When RYR1 Y522S/WT (n=10) and CASQ1-null (n=14) mice were subjected to an exertional-stress protocol (executed on a treadmill at 34 C, 30-40% of humidity) which was tolerated by WT animals (n=10), their mortality was dramatically increased (80% and 79%, respectively). During the exertional protocol RYR1 Y522S/WT and CASQ1-null mice showed: a) rise in core temperature (respectively 5.3550.25 C and 4.9250.26 C) significantly higher than WT mice (2.5750.2 C); b) high percentage of skeletal fibers presenting severe structural damage (respectively 99% and~64%); and c) elevated blood levels of creatine-kinase, K þ , and Ca 2þ (suggestive of rhabdomyolysis). Interestingly, pre-treatment of animals with dantrolene or azumolene prevented completely exertional-strokes in both RYR1 Y522S/WT (n=7) and CASQ1-null (n=8) mice, strongly suggesting that: a) exertional-crises may share common molecular mechanisms with anesthetic-induced MH; b) drugs used in the operating room to treat acutely MH crises should be considered for treatment of environmental/exertional heat strokes. University of Canberra, Canberra City, Australia. Ryanodine receptor (RyR) are ligand-gated ion which release Ca 2þ from internal sarcoplasmic reticulum stores following surface membrane depolarisation. RyR channel activity is modified by soluble and associated proteins, including the 12kDa FKBP12, the 12.6kDa FKBP12.6 and CLIC-2 (chloride intracellular channel type 2), a member of the GST structural family (Board et al., Int J Biochem Cell Biol 2004:36;1599). FKBP12 binds to RyR1, and FKBP12 and 12.6 with RyR2. FKBPs stabilise channel activity by suppressing subconductance openings. Cardiac arrhythmia and skeletal muscle weakness can be attributed to hyperactive RyRs following dissociation of FKBP12 and FKBP12.6 (Bellinger et al., 2009 Nat Med 2009:15;325; Vinet et al., Basic res Cardiaol 2012:107:246). CLIC-2 normally inhibits RyRs, however an H101Q CLIC-2 variant, associated with heart failure and seizures, activates RyRs (Takano et al., Hum Mol Genet. 2012:21;4497). In lipid bilayers, an increased incidence of sub-state openings occurs in RyR channels modified by WT CLIC-2 or by H101Q CLIC-2, reminiscent of FKBP dissociation. Thus our hypothesis was that both wild type (WT) and H101Q CLIC-2 alter FKBP binding to RyR1 and RyR2, in addition to their opposite effects on open probability. We explored the ability of CLIC-2 to dissociate FKBP12 and FKBP12.6 from RyRs. FKBP association with the RyRs was determined by co-immunoprecipitation. Both WT and H101Q CLIC-2 dissociated >50% FKBP12, and~50% FKBP12.6, from RyR2, with H101Q being more effective than WT protein. Both WT and H101Q were less effective in removing FKBP12 from RyR1. Conversely rapamycin was ineffective in dissociating FKBP12 from RyR2, but removed >75% FKBP12.6, while removing >95% of FKBP12 from RyR1. Thus CLIC-2 is more effective than rapamycin in dissociating FKBP12 from RyR2 and less effective in removing FKBP12 from RyR1.
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CeSI -Centro Scienze del'Invecchiamento, University G. d'Annunzio, Chieti, Italy, 2 Dept. of Molecular Physiology and Biophysics, Baylor College of Medicine, Houston, TX, USA. In humans, lethal over-heating episodes are triggered by administration of halogenated anesthetics (a disorder known as Malignant Hyperthermia Susceptibility, MHS) and by high temperature and/or strenuous exercise (crises identified as Environmental/Exertional Heat Strokes, EHSs). Whereas MH crises are successfully treated by intravenous administration of dantrolene, to date no pharmacological interventions are available to prevent or reverse EHS. We previously demonstrated that ryanodine receptor type-1 (RYR1) Y522S/WT (carrying a mutation linked to MHS in humans) and Calsequestrin-1 knockout (CASQ1-null) mice trigger lethal crises when exposed to both halothane and heat. Here we tested the following hypotheses: a) strenuous exercise in challenging environmental conditions is a stress capable of triggering EHS-lethal episodes in both mouse models; b) drugs used to treat MH crises in humans (dantrolene or its analog azumolene) can prevent such exertion-induced strokes. When RYR1 Y522S/WT (n=10) and CASQ1-null (n=14) mice were subjected to an exertional-stress protocol (executed on a treadmill at 34 C, 30-40% of humidity) which was tolerated by WT animals (n=10), their mortality was dramatically increased (80% and 79%, respectively). During the exertional protocol RYR1 Y522S/WT and CASQ1-null mice showed: a) rise in core temperature (respectively 5.3550.25 C and 4.9250.26 C) significantly higher than WT mice (2.5750.2 C); b) high percentage of skeletal fibers presenting severe structural damage (respectively 99% and~64%); and c) elevated blood levels of creatine-kinase, K þ , and Ca 2þ (suggestive of rhabdomyolysis). Interestingly, pre-treatment of animals with dantrolene or azumolene prevented completely exertional-strokes in both RYR1 Y522S/WT (n=7) and CASQ1-null (n=8) mice, strongly suggesting that: a) exertional-crises may share common molecular mechanisms with anesthetic-induced MH; b) drugs used in the operating room to treat acutely MH crises should be considered for treatment of environmental/exertional heat strokes. University of Canberra, Canberra City, Australia. Ryanodine receptor (RyR) are ligand-gated ion which release Ca 2þ from internal sarcoplasmic reticulum stores following surface membrane depolarisation. RyR channel activity is modified by soluble and associated proteins, including the 12kDa FKBP12, the 12.6kDa FKBP12.6 and CLIC-2 (chloride intracellular channel type 2), a member of the GST structural family (Board et al., Int J Biochem Cell Biol 2004:36; 1599) . FKBP12 binds to RyR1, and FKBP12 and 12.6 with RyR2. FKBPs stabilise channel activity by suppressing subconductance openings. Cardiac arrhythmia and skeletal muscle weakness can be attributed to hyperactive RyRs following dissociation of FKBP12 and FKBP12.6 (Bellinger et al., 2009 Nat Med 2009:15; 325; Vinet et al., Basic res Cardiaol 2012:107:246) . CLIC-2 normally inhibits RyRs, however an H101Q CLIC-2 variant, associated with heart failure and seizures, activates RyRs (Takano et al., Hum Mol Genet. 2012:21; 4497) . In lipid bilayers, an increased incidence of sub-state openings occurs in RyR channels modified by WT CLIC-2 or by H101Q CLIC-2, reminiscent of FKBP dissociation. Thus our hypothesis was that both wild type (WT) and H101Q CLIC-2 alter FKBP binding to RyR1 and RyR2, in addition to their opposite effects on open probability. We explored the ability of CLIC-2 to dissociate FKBP12 and FKBP12.6 from RyRs. FKBP association with the RyRs was determined by co-immunoprecipitation. Both WT and H101Q CLIC-2 dissociated >50% FKBP12, and~50% FKBP12.6, from RyR2, with H101Q being more effective than WT protein. Both WT and H101Q were less effective in removing FKBP12 from RyR1. Conversely rapamycin was ineffective in dissociating FKBP12 from RyR2, but removed >75% FKBP12.6, while removing >95% of FKBP12 from RyR1. Thus CLIC-2 is more effective than rapamycin in dissociating FKBP12 from RyR2 and less effective in removing FKBP12 from RyR1. (Yamaguchi et al., J Clin Invest 117:1344 , 2007 . We have examined the ultrastructure and RyR2 immunolocalization of mutant hearts fixed at~10 days after birth. Despite previously described obvious hypertrophy, the myocytes show no evidence of widespread structural damage, but fairly rare and limited areas of Z line streaming, some increase in intermyofibrillar spaces and occasional areas of disarray. Quantitative analysis however reveals the following significant changes. The average cross sectional areas of cells in the papillary muscle increases by~15% (from 43517 to 49520 mm2 mean5SD), but the myofibrils' diameters are on the average smaller (0.450.3 to 0.350.2 mm2) due to the presence of groups of small myofibrils in disarranged areas. A notable feature is the dramatic decrease in the frequency and size of dyads, without obvious alterations in location and general structure. The frequency of dyads (counted as number per intermyofibrillar spaces) declines from 0.450.1 to 0.250.1, and the lengths of the junctional contacts, where RyR2s are located, is also reduced (0.2550.1 to 0.2050.1 mm). Immunolabeling with a pan anti-RyR antibody confirmed that RyR-positive foci located at the level of the Z lines are less frequent and more randomly disposed in mutant hearts. The data indicate an overall reduction in RyR2 content, which may contribute to poor cardiac performance and early death of Ryr2ADA/ADA mice. (RO1 HL 48093 to CFA and R01 HL 073051 to GM).
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Silencing RyR3 Eliminates Parajunctional Feet and Ca Sparks in Zebra Fish Tail Myotomes Stefano Perni 1,2 , Clara Franzini-Armstrong 3 , Stephen Hollingworth 2 , Stephen M. Baylor 2 . 1 University of Colorado, Denver, CO, USA, zebrafish oocytes with a splicing blocker morpholino designed to bind to RyR3 pre-mRNA. Tails from several fish at 72 hpf (hours post fertilization) were pooled for western blotting. A pan-RyR antibody (34C) reveals three bands, presumably representing RyR3 and RyR1a and b. The slowest band specifically disappears after morpholino injection. Tails from~50 larvae at 72 hpf were collected for enzymatic dissociation of single muscle fibers. Intact 48 and 72 hpf tails and some dissociated fibers were fixed for EM. The PJF/JF ratio in EM images of fast fibers in control larvae at 72 hpf was 0.7950.14, mean5SD (7 fish, 70 fibers, 310 triads; 3 experiments) and decreased to 0.0350.03 (10 fish, 100 fibers, 420 triads; 4 experiments) in injected larvae. To measure Ca sparks, dissociated fibers were adhered to coverslips by matrigel, loaded with Fluo-4, and imaged confocally. 0.3 mM caffeine was used to stimulate sparks, which were readily detected in normal cells but almost absent in morpholino-treated cells. These data identify PJF as RyR3 and indicate that RyR3 activity is required for the ready-detection of sparks. , leading to ECC failure in 50% of myotubes with the remainder retaining negligible responses. 4-OH-PCB95 neither increases baseline Ca 2þ nor causes ECC failure but depresses ECC and caffeine responses by 50%. With longer (3 h) exposure to 300nM PCB95, 5-OH-PCB95, or 4-OH-PCB95 decreases the number of ECC responsive myotubes by 22%, 81%, and 51% compared with control by depleting SR Ca 2þ and/or uncoupling ECC. The position of hydroxylation of PCB95 and chemically related diphenylethers differentially influence RyR1 channel gating kinetics, SR Ca 2þ leak, and the pattern of ECC impairment, including ECC uncoupling in intact muscle cells. P01 AR52354.
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Altered Ion Channel Properties of Ryanodine Receptor from Heart Mice Lacking Calstabin2 Nathalie Saint, Albano C. Meli, Valerie Scheuermann, Alain Lacampagne. CHU Arnaud de Villeneuve, INSERM, Montpellier, France. The cardiac ryanodine receptor (RyR2) is the main channel for the release of intracellular calcium during excitation-contraction coupling in cardiac muscle. Calstabin2 (i.e. FKBP12.6), a member of the FK506-binding protein family, has high affinity to RyR2, stabilizing RyR2 in the closed state and reducing its activity. The goal of the present work was first to examine the ion channel properties of RyR2 from calstabin2 -/-mice reconstituted into lipid bilayers in resting condition. The second aim was to evaluate the effect of adding recombinant calstabin2 on RyR2 ion channel properties. RyR2 channels from 9 months old calstabin2 deficient mice exhibited an increase of opening probability compared to RyR2 from wild-type mice in conditions of low free cytosolic Ca 2þ of 150 nM to approximate the conditions in the heart during diastole. The activity of RyR2 calstabin2 -/-channels was also higher with 350 nmol/L and 700 nmol/L cytosolic Ca 2þ . When channels were activated by higher cytosolic Ca 2þ concentration (> 700 nmol/L free Ca 2þ ), no differences in open probability were found between RyR2 calstabin2 -/-and WT channels. Addition of 1 mmol/L Na 2 -ATP increased the number of long openings to the maximum conductance in both native and calstabin2 -/-channels with a prevalent subconductance activity for the depleted calstabin2 RyR2 channels. Addition of calstabin2 did neither increase nor decrease RyR2 calstabin2
-/-open probability and had no effect in preventing the sub-conductance activity. This suggests that in vitro addition of calstabin2 is not sufficient to restore the RyR2/calstabin2 complex. This conclusion should further supported by the biochemical analyzes of RyR2 macromolecular complex remodeling, performed along with agedependency.
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Modulation of DHPR Inactivation by RyR1 Activity in Mouse Skeletal Muscle Fibers Zoita Andronache, Werner Melzer. Ulm University, Ulm, Germany. Malignant hyperthermia is a potentially fatal hypermetabolic state originating from excessive release of calcium stored in the sarcoplasmic reticulum (SR) of skeletal muscle. In most cases, MH susceptibility results from mutations in the type 1 ryanodine receptor (RyR1). In previous work (Andronache et al., PNAS 2009) we reported that heterozygous murine carriers of MH mutation Y524S (human Y522S) exhibit changes in steady state inactivation of the dihydropyridine receptor (DHPR), the sensor of the transverse tubular (TT) membrane potential. Availability curves were left shifted along the voltage axis suggesting that a feedback signal from RyR1 modulates DHPR inactivation. In the present study we investigated the hypothesis that junctional fluctuations of free Ca 2þ concentration are involved in the feedback mechanism. We performed twoelectrode voltage clamp experiments on enzymatically isolated toe muscle fibers of both WT and mutant mice (Y524S . Local application of KB-R7943, a nonselective NCX blocker, reduced [Ca 2þ ]r in both MHN and MHS muscle fibers and the magnitude of the elevation of [Ca 2þ ]r observed during a MH episode. YM-2444769 an NCX blocker that preferentially inhibits NCX3 reverse mode did not reduce resting [Ca 2þ ]r in MHN, but it does in MHS muscle fibers, and decreased the amplitude of the elevation [Ca 2þ ]r induced by halothane in these muscles. These results demonstrate the existence of a functional NCX in skeletal muscle, which appears to be enhanced in MHS muscle fibers. In addition, they represent the first evidence that NCX -reverse mode-contributes to the dysfunction of [Ca 2þ ]r and [Na 
